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LONG-TERM GOALS
Our long-term goal is to understand the dynamics of oceanographic processes which contribute to variability of the currents and thermohaline structure in the shelf/slope region of the South China Sea.
OBJECTIVES
The primary objectives of this study are to determine the primary processes contributing to variability in the shelf/slope region of the northern South China Sea, and to assess and improve the capability of numerical models of the region. We have been studying the role of the winter monsoon in the interannual variability of the Kuroshio Intrusion into the South China Sea, the dynamics of the barotropic and baroclinic tides near the shelfbreak, and the effect of different forcing mechanisms (wind, open boundaries, data assimilation) on the circulation in the NRL-Stennis numerical model of the region. 
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APPROACH
We have been using the data collected during the ASIAEX South China Sea field program to examine the inter-annual variability of the wind forcing and its effect on the circulation in the northern South China Sea. There were substantial differences in the circulation between spring 2000 and 2001, including the presence of a Kuroshio Intrusion in the first year but not the second. There were also differences in the mean stratification. We have examined the tidal dynamics in spring 2001, when the intensive mooring array was deployed, and have also collected additional hydrographic data from spring 2003 which is presently being analyzed.
WORK COMPLETED
We have finished initial studies on the thermohaline and velocity structure near the shelfbreak and the associated circulation over the deep basin from spring 2000 and 2001 (Gawarkiewicz et al., 2003) , on the barotropic tides over the outer shelf and upper slope , on the sensitivity of the circulation to different forcing mechanisms in a numerical model (Chapman et al., 2003) , and on the day to day variability of internal solitary waves and internal tides .
RESULTS
The mesoscale circulation near the shelfbreak was remarkably different between 2000 and 2001. In 2000, there was a strong anti-cyclonic circulation which drove a northeastward flow of more than 100 cm/s to the northeast. The water mass properties suggest that a strong Kuroshio Intrusion had developed in January, and was persistent for several months. In contrast, in 2001 there was a weak cyclonic circulation, and the slope flow was to the southwest at 20 cm/s. Maps of dynamic height clearly indicate the differences between the two years, with dynamic height gradients suggesting a strong onshore flow in 2000 directed toward the ASIAEX study area, with a much broader and weaker onshore flow in 2001 directed eastward of the study area (Figure 1 ). The primary differences in the wind stress curl occurred in the late fall and early winter (Figure 2) . Analysis of the ADCP data versus the inferred surface velocities from sea surface height gradients suggest that the alongslope flow was substantially underestimated. Stability characteristics of the slope current are estimated, and suggest a most unstable wavelength of 106 km and a growth rate of approximately one day, due to the large Rossby number of the flow. The correlation scales for temperature in the upper 150 m of the water column were quite short in both years, between 5 and 10 km depending on depth. This is much shorter than the baroclinic Rossby radius, suggesting that the correlation scales are set by internal tides or processes other than frontal instabilities. height data into the model actually acts to damp kinetic energy within the model, reducing the spindown time.
The barotropic tides over the slope are dominated by the O 1 and K 1 diurnal tides, while over the shelf is dominated by the M 2 semi-diurnal tide . The tidal energy flux is primarily westward over the slope but is relatively small for the diurnal components. The tidal energy flux over the shelf is aligned with the transport. Despite refraction and topographic steering, the tidal wave is conserving energy as it propagates onshore, explaining its dominance in the shallow water. The baroclinic tides have also been examined . The diurnal tide is dominant, and is sufficiently nonlinear to break down into shoreward propagating internal bores at times. 
IMPACT/APPLICATIONS
The results we have obtained are the first high resolution observations of the thermohaline circulation near the shelfbreak in the South China Sea. This work is essential to understanding the spatial and temporal scales of variability near the shelfbreak, which is a necessary element in understanding acoustic propagation in this region. We have quantified the cross-slope structure of a Kuroshio Intrusion and established the important dynamical parameters, such as the Rossby, Richardson, and Burger numbers for the strong slope flow, as well as establishing the duration of the intrusion The work on the baroclinic and barotropic tides will be useful in determining the role of oceanographic processes in different frequency bands to the variability of sound transmission loss over the shelf and slope in this region. The analysis of the numerical model will help in the choice and application of data assimilation into the South China Sea Nowcast/Forecast model.
RELATED PROJECTS
This work is strongly related to the ONR program on "Capturing Uncertainty in the Tactical Environment." We will be using quantitative results on the oceanographic processes resolved in this experiment to continue the probability density function approach to sonar system performance. The work on internal tides and internal waves are also relevant to the ONR program "Effects of Sound in the Marine Environment". We are trying to quantify the impact of processes which are not resolved in the ESME Risk Assessment model on transmission loss over the shelf and slope.
